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首先，采用侧柏叶提取液还原氯金酸溶液制备纳米金颗粒（15.3 ± 3.1 nm），
通过反应前后反应液的成分分析和红外光谱表征，确定侧柏叶提取液中参与氯金
酸还原的有效成分为还原糖和黄酮。基于提取液成分定量分析结果，自行配制侧
柏模拟液（葡萄糖：0.489 g L-1 和芸香叶苷：0.255 g L-1）用于制备纳米金颗粒。
结果表明侧柏模拟液对氯金酸溶液的还原能力与侧柏叶提取液相似，且制得的纳
米金颗粒在粒径、形貌以及晶体结构上也差异甚小。此外，利用侧柏叶提取液还





可获得粒径从 15.6 ± 2.7 nm 到 84.9 ± 14.5 nm 的 11 种不同范围的纳米金颗粒。
UV-vis 和 TEM 表征结果证明了纳米金颗粒的紫外可见吸收光谱 高峰位置与平
均粒径相关，而其半峰宽与粒径标准偏差相关。将侧柏叶提取液还原氯金酸的反
应建立在基于注射泵的滴加装置中，考察了混合方式、滴加速率、氯金酸溶液
pH 值和反应温度对纳米金颗粒形貌的影响。结果表明在反应温度为 60 oC，氯金
酸溶液 pH 值为 2.81，侧柏叶提取液和氯金酸溶液均以 60 mL h-1 的滴加速率逐滴
混合的条件下，可获得产率高达 39%的单晶（111）纳米金三角片（边长~162 nm，
厚度~36 nm）。X 射线光电子能谱（XPS）和热重（TG）分析表明了纳米金三角
















别采用溶胶负载法（SI 法）和吸附还原法（AR 法）两条路线制备 Au/TS-1 催化





催化剂制备条件为：催化剂制备方法为 SI 法，载体硅钛比为 35，金负载量为 1 
wt%，侧柏叶提取液浓度为 10 g L-1，K 离子添加量为（K:Au 摩尔比=0.2:1），溶
胶负载 pH 值为 2；优化的催化反应条件为：反应温度为 573 K，原料气空速为 
4000 mL gcat
-1 h-1。在该条件下，丙烯转化率为 16.7%，PO 选择性为 65.7%，氢气
效率为 24.6%，PO 时空产率为 103.2 gPO kgcat
-1 h-1。反应机理的初步探索表明丙
烯醛（表观生成活化能为 35 kJ mol-1）和 PO（活化能为 29 kJ mol-1）是在反应初
始阶段生成，而副产物 CO2 （活化能为 64 kJ mol
-1），乙醛（活化能为 58 kJ mol-1）
和丙酮（活化能为 26 kJ mol-1）主要由产物 PO 进一步氧化或异构生成。 
将 Au/TS-1 催化剂用于基于过氧化氢为氧化剂的苯甲醇液相氧化反应中，优
化的催化剂制备条件为：催化剂制备方法为 AR 法，载体硅钛比为 35，金负载
量为 0.3 wt%；优化的催化反应条件为：反应时间为 6 h，反应温度为 353 K，催
化剂用量为 0.3 g，过氧化氢与苯甲醇摩尔比为 1.25。在此条件下，苯甲醇的转

































Currently, increasing environmental concerns necessitate the development of new 
and eco-friendly techniques for the synthesis of nanoparticles. Accordingly, intense 
research has been paid to the biosynthesis of nanoparticles utilizing “nature factory” 
(viz. plants and microorganisms), which are intrinsically greener. However, there are 
very few reports to date focusing on preparing nano-catalysts including the use of 
biological materials. That is to say, there are very few successes being achieved for 
application of the biosynthesized metal nanoparticles in catalytic reaction. Herein, we 
demonstrate for the first time that it is possible to prepare active Au/TS-1 catalysts 
and Au-Pd/MgO bimetallic catalysts adopting plant extract as the reductant. 
Interestingly, bioreduction Au/TS-1 catalysts and Au-Pd/MgO bimetallic catalysts 
possess amazing performance for the direct vapor phase propylene epoxidation with 
H2/O2 mixture and liquid phase oxidation of benzyl alcohol, respectively. This work 
envisages to spark innovation and encourage future works on the preparation of 
catalysts via bioreduction methods. 
Firstly, biogenic fabrication of Au nanoparticles by Cacumen Platycladi (CP) 
extract and the simulation of its active components were thoroughly investigated, 
respectively. The simulated solution (β-D-glucose: 0.489 g L-1 and rutin: 0.255 g L-1) 
was prepared based on components measurement and Fourier-transform infrared 
(FTIR) spectroscopy analysis of CP extract before and after reaction. The results 
showed that flavonoid and reducing sugar were the main reductive and protective 
components in the extract vital in the biosynthesis of the Au nanoparticles. In addition, 
the preparation of Au-Pd bimetallic nanoparticles (7.4 ± 0.8 nm) has been developed 
based on simultaneous bioreduction of Au(III) and Pd(II) precursors with CP extract. 
Characterization results of high resolution transmission electron microscopy 
(HRTEM), UV-vis spectroscopy (UV-vis), X-ray diffraction (XRD), and 
selected-area electron diffraction (SAED) confirmed the alloyed structure with Au 
and Pd elements homogeneously distributing over the entire nanoparticles. 















their physical and chemical properties. Hence, we try to control the kinetics of the 
reduction of the Au precursor with CP extract for harnessing the size and morphology 
of the Au nanostructures. By changing the ratio of CP extract to Au precursor, we 
obtained 11 different sizes of Au nanoparticles with size ranging from 15.6 ± 2.7 nm 
to 84.9 ± 14.5 nm. UV-vis and TEM characterization results proved the UV-vis 
absorption wavelengths were correlated with the average particle size, and the 
half-peak breadths were correlated with the size standard deviation. Additionally, we 
described a CP extract reduction method to produce Au nanoplates with high yield 
(39%) via kinetically manipulated procedure. More specifically, the reduction rate 
was controlled through modulating the experimental factors such as addition 
modes/rates of feeding solutions, temperature and pH based on a syringe-pumps 
apparatus. The (111) single-crystalline structure of the Au nanoplates was 
demonstrated by HRTEM and SAED. X-ray photoelectron spectroscopy (XPS) and 
thermogravimetric (TG) indicated the biomolecules binding to the Au nanoplates 
facet owning a surface atomic percentage of 85.8 at% and a bulk content of 3.8 wt%. 
Two specific procedures were provided herein for preparing Au/TS-1 catalysts and 
Au-Pd/MgO bimetallic catalysts, namely, sol-immobilization (SI) method and 
adsorption-reduction (AR) method. The essential difference between these two 
bioreduction methods is that SI method is designed via a biosynthesis of metal sol 
followed by immobilization the sol on support; while AR method is designed via an 
adsorption of metal ions on the support followed by in situ bioreduction of the ions. A 
variety of techniques, such as XRD, TEM, XPS, TG, FTIR, N2 physisorption, and 
UV-vis diffuse reflectance (DRUV-vis), were employed to characterize both the 
supports and the bioreduction catalysts. 
Experimental results showed that bioreduction Au/TS-1 catalysts exhibited 
excellent performance in vapor phase propylene epoxidation with H2/O2 mixture. 
Optimization of catalyst preparation parameters manifested that preparation method 
of SI, Si/Ti molar ratio of 35, Au loading of 1 wt%, plant extract of 10 g L-1, K doping 
amounts of (K:Au=0.2:1) and immobilization pH of 2 were optimum. Optimization of 















of 4000 mL gcat
-1 h-1 were optimum. Under optimal conditions, propylene conversion 
of 16.7%, propylene oxide (PO) selectivity of 65.7%, H2 efficiency of 24.6% and PO 
formation rate of 103.2 gPO kgcat
-1 h-1 were achieved. Furthermore, efforts were also 
made to clarify the plausible reaction routes over the bioreduction catalysts. Acrolein 
(apparent formation activation energies: 35 kJ mol-1 ) and PO (29 kJ mol-1) were the 
major primary products at the initial stage of the reaction. CO2 (64 kJ mol
-1), ethanal 
(58 kJ mol-1) and acetone (26 kJ mol-1) were mainly formed in further oxidation or 
isomerization of PO. 
Moreover, the Au/TS-1 catalysts were used to catalyze liquid phase benzyl alcohol 
oxidation with H2O2 as oxidant. Optimization of catalyst preparation parameters 
manifested that preparation method of AR, Au loading of 0.3 wt%, and support Si/Ti 
molar ratio of 35 were optimum. Optimization of reaction conditions manifested that 
reaction time of 6 h, reaction temperature of 353 K, catalyst amount of 0.3 g and 
molar ratio of H2O2 to benzyl alcohol of 1.25 were optimum. Under optimal 
conditions, benzyl alcohol conversion of 67% and benzaldehyde selectivity of 84% 
were achieved. Recycling tests of the catalysts manifested their durability and 
reusability, traits vital for industrial prospects. Kinetic experiments demonstrated that 
apparent activation energy of the reaction over Au/TS-1/AR/0.3% catalyst was 38.2 








Au-Pd/MgO bimetallic catalysts were applied in liquid phase oxidation of benzyl 
alcohol to benzaldehyde with molecular oxygen as oxidant. Optimization of catalyst 
preparation parameters manifested that preparation method of SI, MgO as the support, 
Au/Pd molar ratio of 1:1, and without calcination treatments were optimum. 
Optimization of reaction conditions manifested that reaction temperature of 353 K 
and oxygen flow rate of 90 mL min-1 were optimum. Under optimal conditions, the 
maximum of benzyl alcohol conversion of 52.8% and benzaldehyde selectivity of 
99.2% were achieved. 
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